Coronary and cerebrovascular diseases are more frequent among smokers than nonsmokers,'3 while obesity is a risk indicator for overall and cardiovascular mortality.45
rent smoking,7 attempts to quit smoking,8 and recidivism after smoking cessation.9 The decision to quit smoking is therefore affected by concerns about the morbidity associated with smoking6 and about the weight gain and withdrawal symptoms associated with its cessation.'0 Physicians are expected to provide information on these competing risks. The objective ofthe following study is to quantify the risk of weight gain after cessation of smoking, the duration of this risk, and the effect of possible moderating variables in a highly selected population of Israeli industrial workers.
Methods

Study Population
From 1985 through 1987, 5547 male employees of 21 factories who were engaged in either sedentary or physical work were offered free screening examinations for selected risk factors for cardiovascular disease. Of these, 3816 (68.8%) agreed and were entered in the study (CORDIS I). From 1988 through 1990, attempts were made to reexamine the original cohort. The depressed economy during the follow-up period led to the closure of factories and the dismissal of workers. As a result, only 1338 men of the original cohort could be reexamined (CORDIS II). Of these, 129 were excluded owing to missing data for body mass index (BMI) or smoking habits, leaving 1209 men in the study population. The average time interval between examinations was 2.6 years (range = 2-4 years).
To estimate the bias induced by this selection, mortality data were obtained from the Ministry of the Interior for 3795 of the participants in CORDIS I and for 1507 of those who did not participate. The remaining 245 eligible workers were excluded from the analysis because of discrepancies with their identification registrations. The age-adjusted 8-year mortality rate among the 3795 employees who entered CORDIS I was 67.6% of the agespecific rate for the general Israeli population; among the 1507 who did not enter the study, the figure was 91.2% of the expected rate. The 4-year mortality (1991-1994) of 1332 of the 1338 employees who were seen in follow-up from 1988 through 1990 (CORDIS II) was 39.5% of the expected rate, while the 4-year mortality of 2399 of the 2478 who were lost to follow-up was 73.2% of the expected rate. There were no significant differences in age, BMI, blood pressure, total cholesterol, history of myocardial infarction, alcohol consumption, sports activity, or education between employees who were seen and those who were lost to follow-up (data not shown).
Procedure
Data were collected at entry (1985) (1986) (1987) and follow-up (1988-1990) by trained technicians in a quiet air-conditioned room allocated by the factory management. Focused interviews and examinations were conducted between 7 AM and 4 PM; subjects were in a nonfasting state.
Variables BMI (weight in kilograms divided by height in meters squared) at follow-up was the dependent variable. Weight was measured with a Seca electronic scale (Seca, GMBH, Hamburg, Germany), accurate to 0.1 kg, with the subject wearing light clothing and without shoes. Height was determined in centimeters. The same equipment was used at the initial and follow-up examinations. A person was defined as obese ifhis BMI was 27.8 kg/M2 or higher.1'
The independent variables were age (30 years or younger, 30-39 years, 40-49 years, and 50 years or older), education (fewer than 12 grades or 12 or more grades), physical activity (any sports activity 3 or more times per week: yes/no), alcohol consumption (3 or more drinks per week: yes/no), ethnicity (Eastern origin [father born in North Africa, Iraq, Iran, orYemen]: yes/no), and marital status (married: yes/no). Smoking habits were classified into 4 mutually exclusive groups: current smokers, never smokers, quit smoking before entry into the study, and quit smoking after entry (i.e., during the last 1-4 years). There were 21 restarters and 16 new smokers who were classified as current smokers.
StatisticalAnalysis
We used the SAS statistical package.'2 Univariate analysis was carried out by ANOVA for comparison between continuous variables and by the x2 test for nonparametric data. Multivariate analysis was used to determine the predictive power of a model consisting of all the independent variables listed above (as well as duration of the follow-up period) to predict the increase in BMI over the follow-up period. The probability of a subject becoming obese (BMI 27.8) during follow-up was determined by a logistic regression model that included all independent variables. For this measure, we used the data of 906 subjects who were nonobese at entry.
Results
Smoking Habits
By the end of the follow-up period, 65 (5.4%) of the 1209 participants had stopped smoking, 392 (32.4%) were classified as current smokers, and the rest were either never smokers or smokers who had quit before entry. Current smokers reported fewer years of education than never smokers (Table 1) .
BMI
At entry, average BMI was highest among those who had stopped smoking before entry, lowest among smokers, and intermediate among never smokers (Table 1) . Data on smoking rates were available for 189 of the 237 participants who had quit smoking before entry. The average BMI at entry for 42 former light smokers (<20 cigarettes/day) was 25.9 ± 0.5 kg/m2, which was similar to that for never smokers; for 147 former heavy smokers (.20 cigarettes/day), the figure was 27.0 i 0.3 kg/M2 (P < .05). Data on the duration of abstinence were available for 159 ofthe 237 participants who had quit smoking before entry. There were no differences in average age-adjusted BMI among participants who quit smoking 0 to 3 years (26.7 ± 0.5 kg/M2), 4 to 5 years (26.7 ± 0.6 kg/M2), and 6 or more years (26.9 ± 0.3 kg/m2) before entry.
During follow-up, the mean ageadjusted increase in BMI was 0.07 kg/M2 among never smokers, 0.19 kg/mi2 among smokers who had stopped smoking before entry, 0.24 kg/M2 among current smokers, and 0.99 kg/M2 among those who stopped smoking after entry, that is, during the preceding 2 to 4 years (Table 1) . Smokers, never smokers, and those who quit smoking before entry gained less weight with increasing age, and none gained weight after age 50; those who stopped smoking during the follow-up period gained weight regardless of age. The age-adjusted increase in BMI was inversely related to the quartile of BMI at entry ( Table 2) .
Predictors ofWeight Gain
The predictive power of the independent variables (smoking habits, age, sports activity, education, alcohol consumption, marital status, ethnicity, duration of followup, and BMI at entry) for the increase in BMI over the follow-up period was determined by multivariate analysis. We found no significant interactions between smoking habits and any of the other variables. Subsequently, only variables that significantly added to the model were included and, again, no significant interactions were found. Cessation of smoking after entry was positively related to an increase in BMI, whereas age, initial BMI, alcohol consumption, and sports activity were negatively associated with gain in BMI during follow-American Journal of Public Health 719 
Predictors ofObesity
Of the 1209 employees, 303 (25.1%) were obese at entry as defined by a BMI of 27.8 kg/M2 or more. The proportion of obese persons increased with age. Obesity was associated with lower education and with reduced sports activity (data not shown). Of the remaining 906, 52 became obese during follow-up. The variables of these 906 men were entered into a logistic regression model that included BMI at entry, age, and smoking habits, with the probability of becoming obese as the dependent variable.
The results indicate that BMI at entry was the most significant predictor of becoming obese during follow-up. With smoking cessation during follow-up the risk was 2.1 times greater, but this was not statistically significant. Age had a protective effect (Table 4 ).
Discussion
The main limitation of this study is that it deals with a selected population ofemployees capable of holding their jobs in conditions ofeconomic instability. The sample was a quarter ofthe original study population, and a selection bias was thereby produced that may have confounded the results. Indeed, the age-standardized mortality of our study population was lower than that of the general Israeli population. Despite this limitation, we believe that the presented fmdings justify the following 2 conclusions.
First, in this selected population, cessation of smoking was followed by a transient increase in the rate of weight gain during the first 2 to 4 years. Industrial workers who stopped smoking during follow-up gained more weight, not only compared with never smokers and current smokers but also relative to those who quit smoking before entry. The rate of weight gain appears to be highest during the first 2 to 4 years after smoking cessation and to decline thereafter to the rate among never smokers. This conclusion is consistent with previously reported observations that the gain in weight after smoking cessation results mainly from an increased caloric intake13 that peaks at 6 months after cessation but returns to baseline levels after 1 year.14 Second, our fmdings suggest that regular sports activity, moderate alcohol consumption, and light smoking attenuate the May 1999, Vol. 89, No. 5 720 American Journal of Public Health It is uncertain, however, whether the weight gained during the first years after smoking cessation is permanent or transient. Our conclusion that this gained weight is retained during continuing abstinence is based on a cross-sectional comparison of the age-adjusted BMI of those who stopped smoking 3 and 6 years before entry. This conclusion may have been biased, therefore, by a cohort effect. Still, it is consistent with the conclusions of 2 prospective studies that found that those who stopped smoking remained heavier for up to 12 years'9 and 25 years20 after cessation. It is not consistent, however, with the conclusions of 2 crosssectional studies that reported that BMI was higher among those who quit within the last 4 years30 and 10 years" than among those who stopped smoking later.
It is similarly uncertain whether older age and a higher baseline BMI attenuate the weight gain after smoking cessation. Our finding that the weight gain after smoking cessation was attenuated in older persons may have been confounded by selection: older subjects who gained more weight after stopping smoking may have been less likely to volunteer for a follow-up examination because of disease. Similarly, the smaller weight gain in subjects with higher BMI at entry may have resulted from a regression to the mean. Indeed, some authors,' 14'9'21'3 but not others,22'23 have shown that older age attenuates weight gain after smoking cessation. Likewise, some authors have reported that a higher baseline BMI predicts a lower weight gain after smoking cessation,'8'21 '30 while others have found that the baseline BMI was either unrelated22'23'26-28 or directly related24 to weight gain after smoking cessation. Still others have found that the baseline BMI was inversely related to weight gain after smoking cessation in women only.'9
Although a higher BMI at entry was associated with a smaller weight gain during follow-up, obesity at entry was the strongest predictor of obesity during follow-up. An obese smoker had a 16.4% chance of losing weight if he did not change his smoking habits, but none if he stopped smoking. This finding is consistent with the disappointing results of attempts to combine smoking cessation with weight reduction.32 A nonobese smoker had a 5.9% chance of becoming obese if he continued smoking but as much as a 9.6% chance if he stopped smoking. Altogether, cessation of smoking was responsible for 0.4% of all subjects in the entire cohort becoming obese. D Contributors P. Froom and J. Ribak initiated the study and S. Melamed supervised the data collection of the CORDIS study. D. Gofer performed the statistical analyses; P. Froom and J. Benbassat reviewed the literature and organized the data. E. Kristal-Boneh and J. Ribak interpreted the data, suggested additional statistical analyses, and participated in writing the final paper. 
